We use ultravioletdata, acquired with a photodiode-array detector coupled to a reversed-phase liquid-chromatographic system, to identify unknown drugs in plasma samples of acutely poisoned patients. Both retention time and spectra of the peaks obtained with a microbore Hypersil ODS column under gradient elution are compared with a library of -350 compounds. We present our three-year experience with this system, which identifies drugs in <1 h, with a high degree of confidence.
peak is now identified by both absolute or relative RTs and its ultraviolet spectrum, which can be compared with the spectra acquired with standards and stored in a library. The interest of ultraviolet spectra in HPLC analysis, initially shown by Fell et al. (2) with a small number of solutes, was confirmed by several other workers (3) (4) (5) (6) (7) . We have used such a method in our laboratory for about three years and present the results below.
Materials and Methods

Equipment
We used a Model HP 1090A liquid chromatograph (Hewlett-Packard, Les The analytical column consisted of a 20-mm precolumn coupled with a 100-mm column containing a Hypersil octadecylsilane phase (Hewlett-Packard). Both had a 2.1-mm internal diameter and were maintained at 40#{176}C. We included an additional 2-pm pore size online ifiter ahead of the column.
Reagents
Dichloromethane
and dihydrogen phosphate were analytical grade (Merck, Darmstadt, F.R.G.). HPLC because it is extensively metabolized in its first pass through the liver.
ChromatographicConditions
We performed analyses with a flow rate of 0.4 mL/ mm, using a mixture of aqueous 20 mmol/L phosphate buffer containing 500 During each run, the absorbance was recorded at 210, 230, and 254 nm, with a 10-nm bandwidth; the reference wavelength was 550 nm with a 100-nm bandwidth.
Ultraviolet spectra in 210-400 nm were memorized in peak-controlled mode (e.g., at the apex, at the up-and downslopes of each peak detected on the 230-nm signal, and also at the base after the peak). Threshold and peakwidth were, respectively, 0.001 A and 0.1 mmmi. The spectral library contained the digitized ultraviolet spectra recorded from pure products under the same analysis conditions or, especially for metabolites, from plasma samples.
Data Evaluation
The evaluation of raw data was automatically performed after each run in an overlapping mode. After the integration of peak area or height, the library search was initialized by an "AUTOLIB" macroprogram (Hewlett-Packard) as follows. The baseline spectrum of each integrated peak was subtracted from the three other memorized spectra to compensate for the shilt caused by the solvent gradient, especially at wavelengths <220 nm. Peak purity was checked to show good overlay of the corrected spectra and the computer provided a purity match factor (maximum value, 1000). For values >990, we assumed that the peak was pure and a library search could be done on the apex spectrum. A factor <990 indicated an impure peak and a library search was done successively on the up-and downslope spectra. A searching window of RT ±4% was selected, so only the standard products with an RT near that of the unknown peak were evaluated. Thus, the computer calculated an identity match factor by least-squares fitting of all the absorbance values; the identification was good when the value was >990, the chosen indicator of significance.
An identity match factor between 950 and 990 indicated a possibility of correct identification, especially when peak height was very low and background absorbance was important relative to the peak.
Quantification
As often as possible, we quantified the drugs by using the peak-area ratios. Calibration was performed, generally on the 230-nm signal, in the range of therapeutic or toxic concentrations of the drugs (i.e., 0.1-10 mg/L for benzodiazepines and 0.1-2 mg/L for the others).
Resufts
A typical chromatogram of a drug-free plasma extract (Figure 1) shows the peaks of the internal standard and of caffeine, which is found in samples from most patients. Two 
Identificationof Drugs
We obtained the absolute RT and the ultraviolet spectrum of -350 drugs of various chemical or pharmacological groups. Numerous metabolites detected in patients' plasma samples were included in the library. The complete list is presented in Table 1 . RT reproducibility of a given peak is generally excellent, with standard deviations <0.05 mm. The purity check is illustrated in Figure 4 (top), where upslope, apex, and downslope spectra were completely overlaid and the match was 1000. The corresponding library search (Figure 4 , bottom) found a positive identification with toloxatone (match = 997). Figure 5 is the final presentation of the chromatogram presented in Figure 3 , with the name of each identified substance printed near the apex of its peak. Moreover, detection at three wavelengths allowed us to calculate 230/254 nm and 230/210 nm signal ratios for further information.
Quantifying Drugs
Quantifying identified drugs is important because the clinical state of the patients is generally well correlated with the concentration of the drug in the plasma. Barbiturates are quantified by a GC method (8) that is more specific for this class of drugs.
Discussion
We preferred the liquid-liquid extraction with dichloromethane to that with diethyl ether because the former involved fewer interfering peaks in blank samples. After the evaporation of the solvent, the sample residue was dissolved first in methanol to ensure a good solubilization and then diluted with water to provide better injection quality.
Injection in methanol alone gave broader peaks because of an eluting effect before the end of the injection, especially for the less strongly retained peaks, creating a loss in efficiency and then in selectivity. We did not use acetonitrile because the peakwidths observed were larger than those with methanol. To create a more weakly eluting solvent, we added water and found a good compromise with water content of 300 mLfL, even if peaks with RTs <5 nun still presented abnormal peakwidths. The list of drugs given in this paper is not exhaustive (see Table 1 ). The drugs were chosen because of their widespread use in therapeutics and their identification in the plasma of poisoned patients. The drugs investigated are essentially neutral or basic products extractable by dichloromethane under alkaline pH; they are primarily the drugs that act on the central nervous system but also include cardiovascular drugs and some antibiotics. Some herbicides or pesticides are also noted because they have also actually been observed. Most of the tricyclic antidepressants present marked peak tailing, despite the inclusion of triethylamine in the mobile phase; they were detected only in cases of severe intoxication.
The presence of metabolites gives additional information for identifying drugs. This is the case for some benzodiazepines (e.g., bromazepam, clotiazepam, and estazolam), for many phenothiazines (e.g., alimemazine, propericiazine, and chlorpromazine), and for dosulepine, a tricycic antidepressant. Most of the metabolites present spectral and ratio data similar to that of the parent drug ( Figure 6 , top) but can also have very different characteristics-e.g., the metabolites of carbamazepine or the sulfoxide derivatives of the phenothiazines (Figure 6, bottom) .
Not always can drugs be identified unequivocally, and sometimes the computer does not identify the nature of a pure peak. Three explanations are possible: first, the spectrum for the substance is not included in the library. A search without a time window can compare all existing spectra with the unknown spectrum to visualize eventual similarities,
as is particularly useful with metabolites.
Second, a slight shift in RT of a standard product is possible with the aging of the column, thereby keeping the true product out of the search window. This rarely observed shift will occur most often with the rapidly eluted products because, in this case, the window is very sharp (± 0.1 mm at an RT of 2.5 mm). Third, the baseline spectrum may not be adequate, e.g., when two peaks are not completely resolved 
